as well as in the treatment of human cancer cells (Tawari et al., 2015; Santos et al., 2016) . However, the administration of Dis is not exempt of risks, and it eventually provokes harmful effects on health, e. g., heart
injury (Amuchastegui et al., 2014) , and hepatotoxicity (Watts et al., 2014) .
Actually, it is widely recognized that Dis induces oxidative stress. For example, Grosicka-Macsiag et al. (2010) have reported that in Chinese hamster fibroblasts, Dis at a concentration of up to 200 µM promotes an increase of lipid peroxidation and an elevated carbonylated protein content. Cen et al. (2002) have observed that Dis at a dose of 25-40 ng/ml causes a significant increase in apoptosis on melanoma cells in vitro, through a mechanism in which oxidative stress is involved. In turn, Dogterom et al. (1989) reported that Dis induced the depletion of thiols and death in isolated rat hepatocytes, and that these effects are prevented by vitamin E. In fact, we reported in previous work that disulfiram promotes mitochondrial permeability transition (Chávez et al., 1989 ) inducing a complete loss of accumulated Ca 
MATERIAL and METHODS

Mitochondrial preparation and function analysis
Mitochondria were prepared by homogenizing tissue from kidney cortex in 250 mM sucrose-1 mM EDTA adjusted to pH 7.3, in a loose-fitting
Teflon-glass homogenizer during 2min. Standard centrifugation procedure was then followed. Protein concentration was determined by the Lowry method (1951) . Ca 2+ movements were assayed spectrophotometrically at 675-685 nm using the metallochromic indicator Arsenazo III.
Mitochondrial swelling was followed by changes in optical density at 540 nm. Transmembrane electric gradient was determined at 527-575 nm by using the dye Safranine. Oxygen consumption was assayed by using a Clark-type electrode.
Aconitase activity
Aconitase activity was analyzed according to Hausladen and Fridovich (1994) as follows: mitochondrial protein was solubilized by adding 0.05% Triton X-100 containing 25 mM phosphate, pH 7.2 followed by the addition of 0.6 manganese chloride, 1 mM citrate, and 0.1 mM NADP. The formed cis-aconitate was measured spectrophotometrically at 240 nm.
Analysis of superoxide dismutase activity
Superoxide dismutase activity was determined in mitochondria by nondenaturating 8% acrylamide gel electrophoresis and nitro blue tetrazolium staining as described by Perez-Torres et al. (2009) .
TBARS determination
Mitochondrial membrane lipid peroxidation was determined spectrophotometrically as the concentration of TBARS. A tetraethoxypropane curve was used as the standard.
Analysis of cytochrome c
Mitochondrial cytochrome c content was analyzed by western blot as follows: 15 µg of mitochondrial protein was loaded onto 15% acrylamide SDS-PAGE gel and then transferred to a PVDF membrane for immunodetection. A primary monoclonal antibody against cytochrome c
(1:1000 dilution) and a secondary alkaline phosphate conjugated antibody were used to evaluate the mitochondrial content of this enzyme.
Evaluation of hydrogen peroxide
The evaluation of H 2 O 2 was carried out according to Dikalov et al. (2007) by incubating 2 mg mitochondrial protein in 3 ml of basic medium and 10 µM 10-acetyl-3, 7-dihydrophenoxazine plus 0.2 U/ml horse-radish peroxidase in a dark chamber at 37 
Determination of sulfhydryl groups
Mitochondrial sulfhydryl groups were determined by using the reagent DTNB using cysteine as standard. The basic incubation mixture contained 250 mM sucrose, 10 mM succinate, 3 mM phosphate, 10 mM HEPES, 50 µM CaCl2, 100 µM ADP, 5 µg rotenone, 2 µg oligomycin. The medium was adjusted to pH 7.3.
Labeling of adenine nucleotide carrier
To assess the effect of Dis on the labeling of the ADP/ATP carrier, 1 mg mitochondria protein was suspended in 1 ml of the basic medium and pre- Analysis of aldehyde dehydrogenase activity.
The enzyme activity was assayed in a buffer containing 20 mM sucrose, 10 M HEPES, 1 mM EGTA, adjusted at pH 7.3. 05 mg of mitochondrial protein was added to 3 ml of the incubation mixture containing 0.04% of Triton X-100, 1 µM rotenone, and 1 mM NAD. The reaction was initiated by the addition of 1 µM propionaldehyde. The activity was followed fluoromtrically at 340 nm excitation and 460 nm emission. In addition the medium contained 10 µM Dis and 25 µM TAM.
RESULTS
It has been previously reported that the interaction of Dis with the mitochondrial membrane increases non-specific membrane permeability (Chavez et al., 1989; Balakirev and Zimmer 2001) . In agreement with this, Dis; dashed line indicates that TAM was not added. However, when the reaction attained a fast efflux rate, TAM was not able to induce the reverse reaction (Fig. 1C) . Fig. 1D illustrates that TAM does not affects the Ca2+ movement across the mitochondrial membrane, also it is indicated the protective effect of ascorbate and cyclosporine A (CSA)
Increased non-specific permeability is also mirrored as an increase in mitochondrial volume. It has been reported that disulfiram affects mitochondrial oxygen consumption (Chávez et al., 1989; Kuroda and Cuellar, 1993 Increased oxidative stress, induced by disulfiram in this work, could be linked to a decrease in the activity of the oxyradical-scavenging system. In tamoxifen-treated mitochondria, however, this decline in antioxidant activity would be avoided. To test this assumption, the activity of mitochondrial superoxide dismutase (SOD) was analyzed ( The generation of disulfiram-induced hydrogen peroxide and the inhibition by tamoxifen of this process were evaluated. As shown, the addition of Dis to mitochondria evoked a considerable increase of hydrogen peroxide (Fig. 7 ). This figure also shows that tamoxifen induced a significant inhibition. (Fig. 7) . The findings illustrated in Figure 4 show a characteristic response to membrane lipid oxidative stress. As demonstrated, there was a raised production of TBARs. Furthermore, Table 1 shows the inhibition of the enzyme aconitase by Dis; this effect can be for accounted by the fact that the enzyme contains a ROS-labile Fe-S cluster essential for its activity (Pandey et al., 2015) . 
